Abstract. The persistence patterns of dimethoate and profenofos in fruits of tomato and cucumber and elimination of their residues through washing or home processing methods were studied. Residues were determined by gas liquid chromatography. Results showed that, the consumable safety time was found to be 10, and 14 days after application on tomato and cucumber. This was found to be enough to reduce the residues to below the maximum residue limits (MRL s ). However, dimethoate and profenofos appeared to have relatively longer persistence on cucumber fruits with t 1/2 of 1.92 and 1.82 days than on tomato fruits with 1.69 and 1.73 days, respectively. Results indicated that potassium permanganate, tap water and acetic acid solution gave high removal percentage of dimethoate from tomato fruits, while no detectable residues were found in cucumber. In addition, all tested washing solutions gave moderate to higher percent removal of dimethoate and profenofos residues from vegetable fruits. Tomato paste removed ≈100% of insecticide residues, while pickling of cucumber removed 97.50 and 98.69% of insecticide after one week and ≈100% after two weeks, respectively.
Introduction
Dimethoate and profenofos are organophosphorus insecticides widely used to control various caterpillars, white fly, and mites on vegetables in Egypt (Anonymous, 1985) . Production and export of horticultural products are increasing rapidly in many developing countries. From 1970 From -2002 , developing countries almost quadrupledthe produced amount from 256 to 960 million metric tons, while exports tripled from 1.9-6.5 million metric tons (Norton et al., 2003 and Radwan et al., 2004) . Residues on vegetable crops have been subjected to major concern. Various regulatory bodies to ensure safe use of pesticides and to protect consumers from adverse side effects have imposed numerous restrictions. Most papers have focused on various aspects of organophosphorus pesticides behavior in fresh and processed edible crops such as potatoes (Habiba et al., 1992; El-Tantawy et al., 1992 and Soliman, 2001) , tomatoes (Ramadan, 1991; El-Nabarawy et, al., 1992; and Ismail et al., 1993) , green pepper and eggplant (Radwan et al., 2004 (Radwan et al., , 2005 . As well as, researches focused on finding more efficient washing reagents for the removal of pesticides residues to reduce health hazards from potatoes (Zohair, 2001 ) and green pepper and eggplant (Radwan et al., 2005) . The present work was designed to study the persistence of dimethoate and profenofos in tomato and cucumber fruits. Emphasis on the safety periods for these insecticides in the tested vegetables was considered. Also, this study aimed to throw light on the influence of different washing solutions and some household processing on the removal of such residues from field-treated vegetables. The main goal of this study was to determine residues of the two organophosphorus insecticides in two vegetable crops under home processing methods.
Materials and Methods

Insecticide and Chemical Reagents
Dimethoate, (O,O-Dimethyl-S-(N-methylcarbamoylmethyl) phosphorodithioate. It was supplied by BASF Wyandotte crop. Agricultural Chemical Div. Federal Republic of Germany, as Dimethoate 40% EC, and profenofos, (O-(4-bromo-2-chlorophenyl)-O-ethyl-S-propyl phosphorothioate) was supplied by Ciba Geigy Ltd.(Switzerland), as Selecron 72% EC. Both were employed in the field experiment. All chemicals (acetic acid, sodium chloride and potassium permanganate) used were obtained from Merck Company (Germany). In addition, Egyptian local soap (Rabso) was obtained from the market.
Field Experiment and Sampling
Field experiment was conducted during the summer season of 2009 in the Badr region, Behera Governorate, Egypt. Plots consisting of 10 rows separated by a three row belt of tomato (Lycopersicon eseulentum Mill.) Var. Alfa-Hidra (Holland) and another 10 rows cultivated with cucumber (Cucumis sativus L.) Var. California (U.S.A.). Half feddan for both was allocated to a randomized complete block design with three replicates. Plants were sprayed with dimethoate or profenofos at the fruiting stage, once at the recommended rate of 300 and 750 ml 3 / feddan (1 Feddan = 0.42 hectare). Spraying was carried out using a knapsacksprayer (Cp-3) provided with one nozzle delivering 200 liters water/ feddan. This was proved to be sufficient to give good coverage on the treated plants.
Untreated control plot was sprayed with water only for each treatment. All agricultural management practices were done as usually practiced in commercial production of tomato or cucumber. Fruit samples were taken at intervals of 0 (1 hr), 1, 3, 5, 7, 10, and 14 days after applications. The collected samples were placed in perforated plastic bags and frozen at −18 o C until insecticide residue analysis was run.
Extraction and Clean-up
For extraction of dimethoate and profenofos residues, the chopped fruit samples (50 gm) were taken and extracted with acetone (150 ml) for three minutes followed by partitioning using dichloromethane (Bowman, 1980) . The extracts were evaporated to near dryness using a rotary evaporator at 35 o C. The concentrate was taken in 1 ml n-hexane for clean-up. The extracts were cleaned-up in a silica gel column containing 1 gm activated charcoal using 20% acetone in n-hexane as an eluting solvent (Bowman and Leuck, 1971) , after which they were again concentrated and stored in the freezer until residue analysis.
To examine the efficacy of extraction and clean-up, three samples from each fruit type were spiked with known concentration (2 mg/kg) of the pure insecticide standard solution. Extraction and clean-up were performed as described earlier, and the average recovery rate was found to be 84.33-93.35% for fruits treated with dimethoate and profenofos, respectively. Results were corrected according to the average of recovery.
Residue Determination
Determination of dimethoate and profenofos residues was performed at Central Laboratory, Faculty of Agriculture, Alexandria University on a Shimadzu 4-CM(PFE) gas chromatograph (GC) with a flame photometric detector (FPD) with an analytical glass column (2m × 3mm i.d.) packed with 4% SE-30 + OV-210 on 80/100 Chromosorb W. The operating temperatures ( o C) for both tested insecticides were maintained as follows: Column 220 isothermal, injector 270, detector 270 and gas flow rates (ml/ min.) of 40 for nitrogen, 80 for hydrogen, and 100 ml/ min for air 100. The limits of detection under these conditions were 1.5 and 2.8 ng for dimethoate and profenofos, respectively. Retention time (t R ) was identified and compared with known standard at the same conditions. The quantities were calculated on a peak height basis. Using these conditions, the retention times of dimethoate and profenofos were 1.9 and 5.8 minutes, respectively.
Removal of Insecticide Residues from Treated Vegetables
Removal tests were also carried out on the 7 th day of tomato treatment and cucumber fruits, either by different washing solutions or by some processing to evaluate their effectiveness on removing such residues. Fruit samples were divided into two parts, the first part was dipped into a jar filled with one of the following solutions: tap water, soap solution (1%), potassium permanganate solution (0.01%), sodium chloride solution (1%), or acetic acid solution (2%)) for one minute. The washing samples were allowed to dry on a clean paper before packing. The second part of treated fruits was subjected to different household processing (1) Tomato paste: The tomato fruits were washed with tap water and crushed in a strainer, and the juice was placed in clean bottle. The juice was concentrated at two temperatures (70 and 100 o C) until the total soluble solid (TSS) reached 28% with the addition of 2.5% NaCl. The paste was hot-filled in glass containers, heated in boiling water bath at 100 o C for 20 min., inverted and allowed to stand for several minutes, and cooled (Ismail, et al., 1993) . (2) Pickling of cucumber: The washed treated cucumber fruits were pickled in 10.5% sodium chloride solution for one or two weeks. The samples were prepared for analysis as described before.
Statistical Analysis
The obtained data were statistically analyzed and means were compared using LSD method at (0.05) according to (Steel and Torrie, 1980) .
Results and Discussion
Insecticide Residues
Tomato and cucumber vegetable crops were sprayed at fruit stage with dimethoate or profenofos using a recommended field rate to study the persistence of such insecticide residues at different intervals. Analysis of variance of the insecticides residues is presented in Table 1 . The presented data showed highly significant, differences between the seven periodical times on the two studied insecticides at P ≤ 0.01 level of probability. Means of insecticide residues in the two vegetable fruits in the study period are presented in Table 2 ., The obtained data showed that the initial deposits of dimethoate and profenofos for tomato fruits were 9.57 and 10.56 ppm, respectively. A rapid degradation of insecticide residues was noticed with dimethoate and profenofos, one day after application at 46.60 and 46.21% loss, respectively. The first week was critical, showing the highest rate of dissipation from tomato fruit, 92.58 and 91.48 % with dimethoate and profenofos, respectively. By the end of experiment (two weeks), fruit contained negligible residues of 0.04 ppm (99.58% loss) for dimethoate, whereas profenofos at that time represented 99.72 % loss (negligible residues = 0.03 ppm).
The recovery residues of dimethoate for the investigated cucumber fruit ranged from 4.25 ppm (one hour after application) to 0.40 ppm in seven days samples when applied at field rate. The percentages of reduction at 1 and 7 days were found to be 32.94 and 90.59 %, respectively ( Table 2 ). The corresponding average residues of profenofos ranged from 4.62 to 0.23 ppm at zero time to seven days and dissipation percentage ranged from 26.84 to 95.02 % for the same periods of time, respectively. After two weeks, no detectable residues of dimethoate and profenofos were found on cucumber fruit (Table 2) . The calculated half-life (t 1/2 ) values of dimethoate were 1.69 and 1.92 days on tomato and cucumber fruits, respectively. The corresponding half-life values of profenofos were 1.73 and 1.82 days, respectively (Table 3) . a K = 1/t ln a/m, where K = apparent rate constant, a= initial concentration, m= concentration after t, t= time in days. b t 1/2 = ln 2/K = 0.693/K. It could be concluded that 0.3 ppm of dimethoate or profenofos residues was detected on tomato fruit, 10 days after application. This indicates that a 10-days period was long enough to reduce the residue of each insecticide below the permissible residue limits of 2 ppm (mg/kg) for dimethoate and 0.5 ppm for profenofos on tomato fruits (Anonymous,1999).
Dimethoate and profenofos was undetectable on cucumber after 14 days. The Codex MRL's for dimethoate and profenofos residues in/on several commodities ranged from 0.05 to 2 mg/kg (Anonymous, 1999).
The obtained results of this study show that dimethoate and profenofos residues on tomato and cucumber fruits are comparable to those reported in earlier studies. The initial deposits of profenofos for the investigated unwashed tomato and okra fruits were 10.18 and 11.56 ppm, respectively. Whereas that of pirimiphos-methyl were 13.71 and 14.24 ppm, respectively. These figures were decreased to 0.04 and 0.025 and 0.049 and 0.56 ppm after 15 days of spraying (Ramadan, 1991) . Tomatoes treated with pirimiphos-methyl could be marketed one day after application, and 8 days when the fruit is treated with profenofos. Green beans could be consumed safely after 4 and 11 days of spraying with pirimiphos-methyl and profenofos, respectively (Abd-Alla et al., 1993) . Minute amounts (0.02 ppm) of profenofos were detected in pods of cowpea after 15 days of spraying, while pirimiphos-methyl was undetectable in whole pods after 10 days of spraying (Soliman, 1994) . The level of pirimiphos-methyl residues on broad bean seed was found to be within the MRL's after 5 days of application, while exceeding the MRL's on tomatoes after 5 and 7 days of application, respectively (Radwan et al., 1995) . Preharvesting period of 21 days after application of pirimiphos-methyl or fenitrothion on grapes is enough to reduce residues to below the MRL's (Radwan et al., 2001) . The residue levels of profenofos on cucumber fruits at harvesting time were 0.54 mg/kg for the application of half recommended rate, while the corresponding value of dimethoate was 1.13 mg/kg (Shiboob, 2002) . The waiting period after 10 and 14 days of application on green pepper and eggplant is enough to reduce the pirimiphos-methyl or profenofos residues, respectively, to below the MRL's (Radwan et al., 2004) .
When the preharvest times between treated and harvest are not respected by the farmers, the risk of having higher pesticide levels is not controlled. In this case, the higher levels of pesticides can involve considerable economic losses if the MRL's established by FAO/WHO are surpassed (Radwan et al., 2005) . The introduction of pesticides in agriculture has helped to increase productivity and has thus contributed to steadily rising food production since the second World War (Barbash, 2006) . The use of pesticides has led to increase the yields in arable farming, but by bioaccumulation through the food chain, they can eventually pose a risk or threat to both animal and human life. Because of their highly persistent properties and potential threat to human health, organophosphorus pesticides (OPs) are used to substitute for organochlorine pesticides (OCs) in many countries nowadays because they can degrade more easily in the environment (Anonymous, 2003) . Washing of fruits by different solutions or using some home processing may be at least partly a solution of pesticide residues problem.
Removal of Dimethoate and Profenofos Residues from Treated Crops
Effect of Washing Solutions
The effect of washing by different solutions on the removal of dimethoate and profenofos residues from treated tomato and cucumber is shown in Table 4 . Results clearly indicate that, washing with any of the tested solutions decreased the residues in fruits when compared with unwashed fruits. The residues of dimethoate and profenofos on unwashed tomato fruits were 0.71 and 0.90 ppm, respectively. Washing of treated fruits with potassium permanganate, tap water or acetic acid solutions reduced these residue levels for dimethoate to 0.019, 0.124 and 0.247 ppm with a percentage removal of 97.32, 82.54 and 65.21 %, respectively; and 0.107, 0.125 and 0.113 ppm for profenofos with percentage removal of 88.11, 86.11 and 87.44 %, respectively. Soap and sodium chloride solutions eliminated the initial residue of dimethoate from tomato fruits but, it was the lowest removing method with concentration level of 0.279 and 0.325 ppm (60.70 and 54.23 % loss), while for profenofos residue, it was 0.327 and 0.206 ppm (63.67 and 77.11 % reduction), respectively. These results are in agreement with those obtained by Abou-Arab (1999 ), Soliman (2001 ), Zohair (2001 and Radwan et al. (2005) .
Washing cucumber fruits using potassium permanganate, acetic acid, soap, sodium chloride solutions or tap water was effective in reducing the dimethoate and profenofos residues (Table 4) . Potassium permanganate solution was the most effective in removing residues of dimethoate with 90.25%, followed by tap water 84.25% and acetic acid solution 83.50%, while the soap and sodium chloride solutions reduced the residue by 63.75 and 79.25%, respectively (Table 4) .
Moreover, no detectable residues of profenofos (≈100) removal) was found in cucumber fruit after washing with tap water, acetic acid and potassium permanganate solutions. Cucumber fruits contained small amount of profenofos residues of 0.008 ppm (96.52% reduction) and0.016 ppm (93.04% reduction) after washing with soap and sodium chloride solutions, respectively. Results obtained by Mee Kin and Guan Hat (2009) indicated that acetic acid was the most effective solution in removing the residues of investigated pesticide from fruit and vegetable samples when compared to sodium carbonate, sodium chloride and tap water. The amount of pesticide removed by washing solution is related to its water solubility and vapor pressure properties. There are several studies that examined the effects of washing on removing pesticide residues (Abou-Arab, 1999; Cengiz et al., 2006 Cengiz et al., & 2007 Krol et al., 2000; Kumari, 2008; Soliman, 2001; Zohair, 2001; and Mee Kin and Guan Hat, 2010) . These studies employed time-consuming, expensive, and not environment-friendly conventional extraction methods such as liquid-liquid extraction. Besides, the data on the effects of washing agents on properties of pesticides are limited in literature.
The current study found that, insecticide residues removed from tested samples by washing solutions are related to physicochemical properties of insecticides such as water solubility, and vapor pressure.
However, some insecticides can possess the ability to translocate into the internal plant tissues under field conditions rendering them inaccessible to washing solutions which may result in higher residue levels in the matrices.
Effect of Some Home Processing
As regards to the effect of some home preparative processing methods on reducing dimethoate or profenofos residues for the investigated treated tomato and cucumber fruits, results in Table 5 showed that residues of dimethoate and profenofos were reduced to ≈100 % and 98.89% of initial concentration after making tomato paste. While pickling of cucumber fruits removed about 97.50 % and 98.69% of dimethoate and profenofos residues after one week, respectively. After two weeks of pickling, no detectable residues of such insecticidal treatment (≈100% removal) were shown in cucumber fruits.
In general, processing of treated crop fruits reduced the level of two residues to below the Maximum Residue Limits (MRL's) as mentioned before. Results are in agreement with findings of Awad and El-Shimi (1993), Youssef et al. (1995) , Schattenberg et al. (1996 ), Soliman (2001 and Zohair (2001) . They found that cooking processes caused great reduction of pesticide residues from treated vegetable fruits and decreased the residue level lower than the MRL's. b N.tD= not tested.
In conclusion, the current study provides residue data which may be useful for assessing the amount of dimethoate and profenofos residues in these vegetables under Egyptian field conditions and suggests the need of implementation of these safety intervals before harvesting and marketing crops. Moreover, washing these vegetables with suitable solution before using has to be strictly considered by the consumer.
